Varroa tolerance as a consequence of host immunity may contribute substantially to 11 reduce worldwide colony declines. Therefore, special breeding programs were 12 established and varroa surviving populations investigated to understand mechanisms 13 behind this adaptation. Here we studied the reproductive capacity in the three most 14 common subspecies of the European honey bee (Carnica, Mellifera, Ligustica) and the 15 F2 generation of a varroa surviving population, to identify if managed host populations 16 possibly have adapted over time already. Both, singly infested drone and worker brood 17
INTRODUCTION

42
Varroosis is known to be the most serious threat for European honey bees across the 43 globe (Rosenkranz et al. 2010) . A key for the mite's success lies in their ability to 44 perfectly adapt to host conditions, including the reproduction in worker brood. Even 45 though reproductive capacity of V. destructor seems equally high in both, drone and 46 worker brood, a distinctive amount of mites fail to reproduce even though they are not 47
A total of 22 honey bee colonies (Apis mellifera L.) were investigated during summer 75 season from May to August. We focused on subspecies originating in Europe such as 76 the Carniolan bee A. m. carnica (n=5), the European dark bee A. m. mellifera (n=7), the 77
Italian bee A. m. ligustica (n=5) and a F2 generation of mite surviving bees from the 78 "Bond Project" descending from the Swedish island of Gotland "Gotland/F2" (n=5). To 79 provide a sufficient amount of drone pupa, one to two drone-frames were placed at the 80 edge of the brood nest of each colony. All experimental hives were kept and maintained 81 at our local apiary near the Apicultural State Institute in Stuttgart, Germany. 82
Mite reproduction 83
The reproductive capacity of the foundress mite is specified as success to generate at 84 least one viable daughter before the host pupa hatches (fertility). In contrast, mother 85 mites that lay no or only a single egg, have no males or are delayed in egg-laying 86 respective to host-development will fail to produce viable offspring for the following 87 the methods described in Locke & Fries (2011) . In brief, worker and drone pupae in 98 stage Pd and older, but before eclosion, were examined (see Fig. 1 ). At least 30 cells per 99 colony were carefully investigated where possible and mite infestation was documented. 100
Only cells with a single foundress were considered, cell content and mites attached to 101 the pupa were accurately removed and subsequently observed under a stereo-102
microscope (Zeiss Stemi 2000-CS). 103
Data evaluation 104
Mite reproduction and fecundity data were first tested for variance homogeneity and 105 normal distribution with Levene's and Shapiro-Wilk test and verified for both datasets, 106 respectively. A generalized linear model was applied to both sets followed by a 107 comparison of the least-squares means and a P value adjustment (tukey method). For all 108
tests RStudio (R Core Team, 2018) and significance level of α =0.05 was used. 109 110
RESULTS
111
Different parameters of varroa mite reproduction in four different honey bee subspecies 112 are presented in Table 1 . A total of n = 3104 drone and n = 2526 worker brood cells 113 were evaluated. We did not find significant differences for the overall reproductive 114 capacity (fertility) in the four groups. Neither in worker brood (df = 10: F = 2.26; P = 115 0.144) nor in drone brood (df = 15: F = 2.51; P = 0.098). A similar outcome was 116 observed for the average number of offspring per foundress (fecundity). Both, progeny 117 found in worker brood (df = 10: F = 2.84; P = 0.092) and in drone brood (df = 10: F = 118 2.32; P = 0.873) were at the same level. 119
Due to an increased infestation rate which resulted in a high ratio of multiply infested 120 cells in the drone brood of all four subspecies, it was not possible to evaluate drone 121 pupa in stage Pd and older as previously described. To compare fecundity regardless 122 these circumstances, we had to consider earlier developmental stages beginning already 123
at Pw (Fig. 1) 
